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PROCESS FOR SYNTHESIZING A 
DATABASE FOR NUCLEAR POWER PLANT 

CONTAINMENT EVALUATION 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of Provisional Appli 
cation Ser. No. 60/157,888, filed Oct. 5, 1999. 

BACKGROUND OF THE INVENTION 

This invention relates to methods for evaluating designs 
of products, and more particularly, to methods for evaluating 
nuclear power plants and components therein. 

Nuclear power plants include a containment Structure that 
houses the nuclear reactor portion of the plants. Throughout 
the development of the nuclear power industry, a large 
number of key experiments have been performed which 
characterize various aspects of nuclear power plant contain 
ment Structure performance under postulated accident con 
ditions. These experiments include Such large Scale tests as: 
the Marviken Suppression pool dynamics test program; the 
Carolinas-Virginia Tubular Reactor (CVTR) containment 
experiments, extensive HDR full Scale containment experi 
ments; the Containment Systems Test Facility (CSTF) 
experiments, the Battelle-Frankfurt containment compart 
mentalization tests; and the NUPEC containment experi 
ment that has been characterized as an International Stan 
dard Problem (ISP-35). 

These numerous experiments provide key data and 
insights related to the containment Structure performance 
under a variety of postulated accident conditions. These data 
and insights specifically relate to those features of the 
containment Structure that would influence radioactive 
releases to the environment assuming a Design Basis Acci 
dent (DBA) leakage rate. Furthermore, these data, combined 
with more numerous separate effects experimental data, 
characterize individual aspects of the different containment 
designs that have been used throughout the United States, 
Europe and the Far East. Separate effects tests are those 
limited Scale experiments that are generally well instru 
mented but focus on a Specific physical process 
(phenomenon) Such as condensation. Large Scale tests 
approach the size of a containment building and include all 
the relevant physical processes, i.e. condensation, natural 
circulation, compartmentalization, containment Sprays, etc. 

To date, individual experiments have been compared to a 
variety of approaches for designing and evaluating contain 
ments with respect to their licensing basis, which includes 
the releases of radioactive fission products due to the design 
basis leakage rate. However, no uniform process has been 
established to Synthesize the huge amount of experimental 
data available from these large Scale containment experi 
ments and additional Small Scale Separate effects experi 
ments in a technically defensible manner Such that the 
ensemble of the data can be used to evaluate the perfor 
mance of given containment designs. Furthermore, no meth 
odology has ever Synthesized this database acroSS a Spec 
trum of containment designs. Such that the technical bases for 
decision making is uniform for all designs. The various 
types of nuclear power plant containments include those 
used for Boiling Water Reactors (BWRs), specifically the 
Mark I, Mark II and Mark III containment designs, as well 
as for the Pressurized Water Reactor (PWRS) which include 
large dry, Subatmospheric and ice condenser containment 
designs. 

It would be desirable to have a uniform method for the 
evaluation of a product design that uses the data resulting 
from various independent tests and Simulations of various 
aspects of the product. More particularly, it would be desir 
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2 
able to have a uniform method for the evaluation of nuclear 
reactor containment Structures that uses data resulting from 
various large Scale experiments and Separate Small Scale 
Separate effects experiments relating to Such containment 
StructureS. 

SUMMARY OF THE INVENTION 

This invention provides a structured method of evaluating 
a design and includes the Steps of assembling a first database 
of test results, Selecting physical models relevant for the 
design to be evaluated; comparing a first Set of test results of 
these models to test results in the first database of test 
results, establishing uncertainty boundaries for the first Set 
of test results of the models, assembling a Second database 
of test results; determining whether the test results of the 
Second database of test results are within the uncertainty 
boundaries of the model; and evaluating an actual or pro 
posed design based upon the resulting models when test 
results of the second database of test results are within the 
uncertainty boundary. 

If the second data base test results are not within the 
uncertainty boundaries of the model, the process of assem 
bling the first database and Selecting the relevant physical 
models is repeated and adjusted So that the test results of the 
second database will fall within the uncertainty boundaries 
of the resulting integral model. This forces closure of the 
process. The physical models are mathematical models 
(algorithms) that are used to model the design, or compo 
nents thereof, that is under evaluation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow diagram that illustrates the method of the 
present invention; and 

FIGS. 2 and 3 are graphs of containment structure 
preSSure, showing example results obtained using the inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The method of this invention is referred to as the “5 Step 
Structured Treatment for Analytical Representations” or 
simply the 5 SSTAR process. The preferred embodiment of 
the invention will be described with respect to the evaluation 
of nuclear power plant containment Structures. However, it 
should be understood that the invention is applicable to the 
evaluation of other products as well. 

Referring to the drawings, FIG. 1 is a flow diagram that 
illustrates the method of the present invention. The first step 
in the process, as illustrated in block 10, is the establishment 
of a technical basis for the evaluation. This is done through 
the identification of the major physical processes, as shown 
in block 12, that will serve as the basis for the Subsequent 
technical evaluation of the product design to be evaluated. 
For example, in the evaluation of a containment Structure in 
a nuclear power plant, Such processes include: condensation, 
entrainment, aerosol behavior, recirculation flows, and 
iodine chemical State. Once the relevant physical processes 
have been identified, the uncertainty boundaries of the 
parameters associated with those processes are quantified as 
shown in block 14. The parameters are obtained from 
relevant experiments that have been previously reported in 
the relevant technical literature. Blocks 16, 18, 20 and 22 
represent the relevant parameters that can be applied in the 
evaluation of a nuclear reactor containment Structure. Values 
for these parameters are obtained from previously conducted 
experiments that relate to the physical processes as shown in 
blocks 24, 26, 28 and 30. In the step illustrated in block 14, 
a comparison is made of the results of these individual 
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experiments with physical models (algorithms) published in 
the open literature (and proprietary literature where 
available). For example, algorithms published to represent 
Steam condensation is the presence of noncondensible gases 
are evaluated through this invention. The result is that 
publSihed algorithms, or a new modified algorithm, is dem 
onstrated to be Sufficient to represent this phsyical process in 
a containment building including the influences of experi 
mentally observed uncertainties. The uncertainty boundaries 
are obtained by comparing published algorithms, or modi 
fied algorithms, with the spectrum of identified relevant 
experimental evidence. For example, when evaluating an 
algorithm describing (modeling) Steam condensation in the 
presence of noncondensible gases, Some of the relevant 
Separate effects experiments to evaluate (test) the applica 
bility of the algorithms are those of Uchida (Proc. Int. Conf. 
Peaceful Uses of Atomic Energy, 13, 93, 1965), Tagami 
(Japanese Atomic Energy Research Agency, unpublished 
work, 1965) and Dehbi et al. (AIChE Symposium Series, 
Heat Transfer, Minneapolis, No. 283, Vol. 87, 1991). 
The uncertainty boundaries are then characterized as 

shown in block 32 into one of Several categories, Such as 
best estimate, pessimistic, optimistic, high or low. Through 
this comparison, the method of this invention developS a 
characterization of the uncertainty Spectrum that must be 
included for each model to assure that individual models 
properly represent the Spectrum of experimental information 
included in the first Step of cataloguing of physical pro 
cesses. In the preferred embodiment of the invention as 
applied to the evaluation of containment Structures, the 
information developed from Separate effects and integral 
tests, which is confirmed through comparisons with large 
Scale containment experiments is characterized for indi 
vidual phenomena in terms of five different conditions: best 
estimate, optimistic/low, optimistic/high, pessimistic/low, 
and pessimistic/high. In this Sense the integral tests are the 
most meaningful and demanding comparisons since these 
include all of the relevant phenomena are present in the same 
manner that they would exist (and co-exist) in a nuclear 
power plant containment building. 

For these evaluations, the best estimate is Self-explanatory 
in terms of the model parameters developed from compari 
Sons with the experimental results (data). In the application 
of this invention to a containment building of a nuclear 
power plant, pessimistic boundaries are those uncertainty 
boundaries for model parameters that would tend to increase 
the containment pressure and/or the fission product release 
from containments as analyzed for the design basis (DBA) 
evaluations. Optimistic boundaries are those uncertainty 
boundaries that would clearly decrease the containment 
preSSure and/or the fission product releases from the con 
tainment. 

It is also likely that there will be model parameters, which 
are not clear in terms of their influence on the containment 
preSSure or fission product releases from the containment. 
Specifically, these elements may have complex interactions 
during the evaluation which tend to cause Some aspects to be 
pessimistic and others to be optimistic. Given this ambigu 
ous condition, these parameters are then considered as high 
and low values where the high is simply the largest value of 
the model parameter justified by the comparisons with the 
results from the Separate effects and integral tests with the 
low value being the lowest magnitude of the model param 
eter resulting from these comparisons with experimental 
measurements (data processing). 

Through this uncertainty evaluation, the five different 
categories are used in the method to characterize the uncer 
tainty boundaries resulting from the data processing, which 
are to be used in assessing the containment response. This 
provides an integral method for representing a Synthesis of 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
the vast amount of Small Scale and large-scale experimental 
data into the containment assessment. Furthermore, this 
provides for a Synthesis of the integral information available 
for a given containment design and the net result of the 
uncertainties associated with the individual processes which 
make up the integral evaluation. 

After the uncertainty boundaries have been characterized, 
a comparison is made of the calculated integral response for 
the combined physical processes with data from large-scale 
containment experiments as shown in block 34. The large 
Scale containment experiments will include most, or all, of 
physical processes cataloged in the first step. In the preferred 
embodiment, the large-scale experiments are those listed in 
background Section above, as shown in block 36. Through 
this comparison, the uncertainty bands for the combined 
processes investigated in the Second Step are tested. This part 
of the data processing assures that the composite modeling 
used to represent individual containment designs is in agree 
ment with the observations from these appropriate large 
Scale experiments and that the uncertainty or spectrum 
treated properly characterizes (Straddles) the extent of 
experimental observations from the individual tests. If the 
uncertainty Spectrum does not Straddle the data, Some physi 
cal processes are ill-characterized. At this stage, the proceSS 
requires a re-examination of the data and determine what 
feature(s) has (have) been missed, as illustrated by block38, 
and a return to the first Step. In this regard, the process 
demands closure for the uncertainty evaluations, which is an 
essential part of the process. If the uncertainty boundaries 
are Sufficient to bound the measured data in block 34, the 
uncertainties can be applied to the Specific design that is to 
be evaluated, as shown in block 40. 

The practical application of this method is to characterize 
the performance of current and future nuclear power plant 
containment Structures. In particular, the containment Struc 
tures are assessed in terms of their response to Several 
different DBA accident conditions where the containment 
functions, including isolation, are characterized according to 
their technical Specification. Through the processing of 
major experimental data, the assessment for the containment 
response can be evaluated in terms of the relevant experi 
ments and the uncertainties associated with the physical 
behavior(s) identified (or confirmed) by the ensemble of 
experimental information relevant to the containment 
response. With this process, the technical Specifications can 
be put on more rational (technically defensible) bases, which 
would Substantially reduce the cost of maintaining the 
containment System including relevant emergency Safeguard 
Systems. 

This invention provides Several unique features including: 
a) the quantification of individual model parameters 

(coefficients) for algorithms representing individual 
physical processes with the extensive experimental 
information published in the open literature and the 
available proprietary literature; 

b) the characterization of the variations in these model 
parameters (coefficients) as best estimate, pessimistic, 
optimistic, high or low; and 

c) the demand for closure on the set of physical processes 
that are to be modeled in representing containment 
behavior. 

The criteria for closure requires that the uncertainty 
Spectrum must Straddle the major elements of the contain 
ment response, which are typically the containment preSSure 
transient and temperature transients in various containment 
compartments. Through the closure process, one confirms 
that the major physical processes are represented. With this 
and the uncertainty Spectrum, the response to Specific acci 
dent conditions can be represented and with the uncertainty 
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Spectrum presented by the proposed mixing of best estimate, 
pessimistic, optimistic, high and low model parameters, an 
appropriate conservative assessment can be formulated for 
design basis evaluations. Through Such an assessment, the 
conservative boundary to be used by regulatory agencies can 
be established on a rational basis, without being unduly 
conservative and therefore without forcing the expenditure 
of large amount of money to maintain containment equip 
ment to unjustifiably conservative limits. However, for this 
to be accomplished, the closure demanded by this proceSS 
must be achieved. 

Through using the five different categories the influence 
of all uncertainties are efficiently considered; those which 
have a known effect on the final calculation and those whose 
effects are not as obvious. These uncertainty boundaries can 
be verified through Monte Carlo analyses when necessary 
but the five combination generally Straddle the uncertainty 
boundaries from Monte Carlo studies. 
AS an example for the practical application of this 

process, consider the evaluation of the full Scale German 
containment facility Heiss Dampf Reaktor (HDR) experi 
ments for a small break Loss-Of-Coolant accident (LOCA). 
In this set of experiments, the potential for Stratification of 
light gases (hydrogen) was investigated. This is also an 
important evaluation criteria for Some current nuclear plant 
power containment designs. When applying the proposed 
methodology to this Specific Set of conditions, the major 
physical processes identified to be evaluated (the first step in 
the process) include: condensation on the containment walls, 
natural circulation flows throughout the various containment 
compartments, the rising of low density gaseous "plumes” 
when hydrogen is release into the containment, natural 
circulation cooling on the containment outer Surface, cool 
ing when external spray is used to cool the outside of the 
containment dome, and the thermal conduction of energy 
into the reinforced concrete Structures which make up most 
of the containment inner and outer walls. 

Each of these processes has a considerable experimental 
database, which needs to be evaluated and Synthesized with 
the other phenomena to yield a usable product. Once the 
major phenomena are identified, available experiments from 
the literature are reviewed to determine: (a) the relative 
contributions of the above processes; and (b) the uncertainty 
boundaries. Those physical processes have dominant influ 
ences on this set of conditions where the natural circulation 
flows, including the countercurrent natural circulation flows 
that could occur when the high temperature gases are 
released into a room below the dome region. Furthermore, 
the potential for forming a "plume” of low density gases is 
also one of the controlling features. In this Step, data from 
the open literature enables the uncertainties associated with 
these processes to be quantified. One of the most important 
features for these postulated accident conditions is the effect 
of thermal conductivity of the reinforced concrete Structures, 
which is difficult to quantify for reinforced concrete. Here, 
a Substantial uncertainty (a factor of 2) needs to be consid 
ered if the information associated with a particular concrete 
is not quantified. 

The third step in the proceSS is to determine the nature of 
the uncertainty boundaries. For this example, that boundary, 
which defines the highest containment pressure, would be 
the most pessimistic for this assessment with the lower value 
being taken as the optimistic boundary. For this example, it 
is not necessary to pursue a best estimate calculation, but in 
an actual application, Such assessments would be made. 

Through the use of these physical principles, including 
the uncertainty associated with the concrete thermal 
conductivity, the comparison of the integral calculation 
using the MAAP4 code can be tested with the data reported 
for the HDR small LOCA experiment (the fourth process 
step). It is noted that the MAAP4 code is not a part of the 
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6 
process. It is only the vehicle for application. The proceSS 
can be applied using any computer code with Similar capa 
bilities. FIG. 2 is a graph on containment Structure preSSure 
that illustrates Such a comparison (test) with the single 
uncertainty variation of a factor of 2 in the concrete effective 
thermal conductivity. In FIG. 2, curve 42 represents mea 
sured data. Curve 44 represents modeled data and curve 46 
represents modeled data with the concrete in a containment 
structure doubled. This shows that the simple approach of 
varying this Single parameter essentially brackets the mea 
Sured data and provides a convenient means for Such analy 
SeS to be generalized to nuclear power plants for Small 
LOCAS. A complete evaluation considers several different 
accident conditions. 

This invention has been applied to the comparison with 
the measured behavior for one of the CVTR large scale 
containment experiments (test 5 for Steam condensation 
including the influence of containment sprays). FIG. 3 is a 
graph showing the containment pressure versus time results 
of this example. The pessimistic estimate is shown as line 
48, while the opomistic estimate is shown as line 50 and the 
best estimate calculation is shown as line 52. This figure 
shows the experimentally measured containment building 
preSSure as individual data points as individual Squares, 
triangles and circles. All of the data points lie within the 
uncertainty boundaries. The capabilities for this Structured 
approach to Straddle the experimental measurements is well 
illustrated in this figure. This provides confidence that the 
process has ensured that all the important physical phenom 
ena have been considered and that the uncertainties in these 
phenomena are also evaluated in a manner consistent with 
all the relevant technical knowledge. 
Once Such detailed physical descriptions are applied to 

most applicable nuclear power plant containment buildings 
(step five in the process), it is found that the potential for 
Stratification of light gases is negligible because of the 
increased length (height) for mixing of the gases. Therefore, 
this proceSS has the practical application of Synthesizing 
these important physical observations and at the same time 
applying Such a detailed understanding to the complex 
evaluations for nuclear power plants. Through Such a 
process, the large database for evaluating Such physical 
principles can be utilized and brought to bear on Specific 
issues, which may, or may not, be a concern for nuclear 
power plant containments. By using this process, engineer 
ing resources can be effectively channeled to those issues 
where further work may be required and avoid the needless 
wasting of resources on issues where the extensive technical 
database, when properly developed through Separate effects 
tests and qualified on large Scale experiments like HDR, 
shows that Such considerations are not important in nuclear 
power plant designs and/or operation. 
While this example for HDR is relatively simple, it clearly 

illustrates the uniqueness of the proposed process. 
Specifically, closure of the uncertainty calculations is 
required and this results from demanding that the calcula 
tions “straddle” the measured behavior. While the example 
shows the measured containment pressure in a Small LOCA 
transient and the uncertainty boundaries determined from 
best estimate physical descriptions plus the uncertainty 
boundaries for the effective thermal conductivity of the 
concrete, a similar comparison is done for the temperatures 
in the containment. These are of particular importance in 
establishing the environmental qualification conditions for 
operating components in the containment atmosphere. 
Hence, through this rational process the environmental 
qualification envelope for these components can be estab 
lished in a manner that is consistent with the Synthesized, 
technical basis including the experience from large Scale 
containment experiments covering a wide range of accident 
conditions. Consequently, this important imposition of clo 



US 6,801885 B1 
7 

Sure on the uncertainty processes is not only unique in terms 
of assuming that all the major physical processes are con 
sidered but is also unique in the manner that the extensive 
experimental data base is reduced to a usable Set of condi 
tions for nuclear power plant containment evaluations. 

This process forces closure on all analytical representa 
tions Such that meaningful experiments are not considered to 
be Successfully represented by the analysis until the mod 
eling calculations with uncertainties are demonstrated “to 
Straddle the experimental results.” By enforcing this criteria, 
the proceSS is more Stringent than that typically used in the 
nuclear industry today. Furthermore, it forces the analysts to 
continue investigating the comparison to determine if fun 
damental physical representations (models) are missing, 
until reasonable uncertainty bounds enable the model to 
“straddle the data.” This is a unique limitation on the 
modification of analytical models, and computer codes. In 
essence, this process provides a mechanism for unifying the 
representation of all relevant experimental information, for 
a given application. Additionally, this then defines reason 
able uncertainty boundaries. While the immediate applica 
tion is containment analysis, the usefulness of the process is 
much greater than this single purpose. 

The principle benefit is that the closure proceSS for 
assuring that physical representations can "Straddle the 
relevant data” to ensure that the fundamental physical pro 
ceSSes involved in a technical evaluation are well charac 
terized and represented. Furthermore, when this proceSS is 
applied to the combination of Separate effects tests and 
integral experiments, which is the Specific application 
related to containment analyses, the process provides a 
means for unifying all of the relevant experimental infor 
mation into well characterized analytical models with uncer 
tainty boundaries. Moreover, the process enables an efficient 
evaluation of the influence for Such uncertainty boundaries 
on integral analyses by characterizing these boundaries as 
either optimistic or pessimistic, where Such characteriza 
tions are clear, or high and low when they are not clear. An 
important benefit of the invention is to provide a structured 
process that rationalizes (draws together) all of the relevant 
experimental information Such that realistic technical evalu 
ations can be performed, implemented and defended. 

This invention provides a unique means of assimilating, 
understanding and applying the technical knowledge base to 
the design and licensing of nuclear power plant containment 
buildings. The method results in a mathematical model 
having parameters with uncertainty boundaries that encom 
pass available experimental data. This mathematical model 
can then be used to evaluate containments for nuclear power 
plants. 

While the present invention has been described in terms 
of what is at present believed to be its preferred 
embodiment, it will be apparent to those skilled in the art 
that various changes can be made to the described embodi 
ment without departing form the Scope of the invention as 
defined by the following claims. 
What is claimed is: 
1. A structured method of evaluating design basis accident 

parameters that will impact nuclear power plant containment 
designs, the method comprising the Steps of 

assembling a first database of test results, 
Selecting a model for identifying the design basis accident 

parameters applicable to Specific type of nuclear power 
plant containment design to be evaluated; 
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8 
comparing a first Set of results of the model to test results 

in the first database of test results; 
establishing uncertainty boundaries for the first Set of 

results of the model; 
assembling a Second database of test results; 
determining whether the test results of the Second data 

base are within the uncertainty boundaries of the 
model; and 

evaluating an actual or proposed containment building 
design based upon the results of the model when test 
results of the Second database of test results are within 
the uncertainty boundary. 

2. The method of claim 1, wherein: 
the test results of the first database of test results relate to 

a portion of a containment building design; and 
the test results of the Second database of test results relate 

to multiple portions of a containment building design. 
3. The method of claim 2, wherein when the test results 

of the Second database are not within the uncertainty bound 
aries of the model, the method includes the additional Steps 
of: 

establishing revised uncertainty boundaries for the first Set 
of results of the model; and 

determining whether the test results of the Second data 
base are within the revised uncertainty boundaries of 
the model. 

4. The method of claim 1, wherein when the test results 
of the Second database are not within the uncertainty bound 
aries of the model, the method includes the additional steps 
of: 

establishing revised uncertainty boundaries for the first Set 
of results of the model; and 

determining whether the test results of the Second data 
base are within the revised uncertainty boundaries of 
the model. 

5. The method claim 1 wherein the first database of test 
results includes results of Specific effects tests on partial 
Structures or Simulated partial Structures of the containment 
building design. 

6. The method claim 5 wherein the second database of test 
results includes results of large Scale tests on multiple partial 
Structures or multiple Simulated partial Structures of the 
containment building design. 

7. The method claim 1 wherein the Second database of test 
results includes results of large Scale tests on multiple partial 
Structures or multiple Simulated partial Structures of the 
containment building design. 

8. The method claim 1 wherein the Second database of test 
results includes results of large Scale tests on the entire 
containment building design. 

9. The method of claim 1 wherein the first database of test 
results includes results of Specific effects tests on individual 
design basis accident phenomenon. 

10. The method of claim 1 wherein the second database of 
test results includes results of large Scale tests on multiple 
design basis accident phenomenon. 
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